REMARKS 

Claims 11-12 are pending. By this Amendment, non-elected Claims 1-10 and 
13-17 are cancelled without prejudice or disclaimer, the Drawings, Specification and 
Claim 11 are amended, and Replacement Sheets of formal drawing Figures 1-19 are 
submitted. Applicants respectfully submit that no new subject matter is presented 
herein. 

Entry of Response Proper 

Entry of this Amendment is proper under 37 C.F.R. §1.116 since the- 
amendments: (a) place the application in condition for allowance for the reasons 
discussed herein; (b) do not raise any new issues requiring further search and/or 
consideration on the part of the Examiner as the Amendment merely clarifies the 
claimed features of the invention; (c) satisfy a requirement of form asserted in the 
previous Office Action; (d) do not present any additional claims without canceling a 
corresponding number of finally rejected claims; and (e) place the application in better 
form for appeal, should an appeal be necessary. The Amendment is necessary and 
was not earlier presented because it is made in response to objections raised in the 
Final Rejection. Entry of the Amendment is thus respectfully requested. 
Drawings 

The Final Office Action dated January 14, 2009 objected to the drawings for 
failing to comply with 37 C.F.R. 1.84(p)(4) as well as for containing various 
inconsistencies. 

Enclosed herein are Replacement Sheets of formal drawing Figures 1-19. 
Originally filed Figures 13-28 and 32-34 have been cancelled, originally filed Figures 29- 
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31 have been renumbered as Figures 13-15, originally filed Figures 35-38 have been 
renumbered Figures 16-19, and the reference numbers in formal drawing Figures 1-19 
have been amended, where appropriate, in accordance with the Substitute Specification 
submitted herewith in order to remove the subject matter that was not elected in the 
Response to Election/Restriction filed on September 26, 2007, as well as to address the 
various inconsistencies contained in the originally filed figures. 

Applicants respectfully request withdrawal of the objection to the drawings. 
Specification 

The Specification has been amended to delete or otherwise cancel the 
discussion relating to non-elected subject matter, with the exception of the description 
and corresponding drawings relating to the first embodiment, so as to preserve enabling 
discussions relating to features that correspond the first embodiment as well as the 
elected embodiment. The Specification has also been amended, via the Substitute 
Specification, to address various inconsistencies therein. Enclosed herein is a 
Substitute Specification which is believed to be in compliance with 37 CFR 1.52(a) and 
(b). A marked-up copy of the originally filed Specification indicating the changes made 
thereto by the Substitute Specification is also enclosed for the convenience of the 
Examiner. Applicant respectfully submits that no new matter is presented. 
Claim Objections 

The Final Office Action dated January 14, 2009 objected to Claim 11 for 
containing informalities therein. Applicants have amended the claim in a manner 
believed to be responsive to the objection. Applicants respectfully request withdrawal of 
the objection, 
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Claim Rejections - 35 U.S.C. §112 

The Final Office Action dated January 14, 2009 rejected Claims 11-12 under 35 
U.S.C. §112, second paragraph. Applicants have amended the claim in a manner 
believed to be responsive to the rejection. Applicants respectfully request withdrawal of 
the rejection. 

Claim Rejections - 35 U.S.C. §102 

The Final Office Action dated January 14, 2009 rejected Claims 11-12 under 35 
U.S.C. §102(b) as being anticipated by U.S. Patent Number 6,142,033 to Beigang. 
Applicants respectfully traverse the rejection for at least the following reason(s). 

Claim 11 recites a power transmission mechanism of a shaft and a hub, the 
power transmission mechanism including, among other features a shaft tooth section 
with a straight peak having a constant tooth thickness and a valley having an outside 
diameter varying from an end of the shaft toward a shaft shank of the shaft, the valley 
having a step region sloped toward a hub tooth section obliquely at a predetermined 
angle, wherein a valley radius of the shaft tooth section representing a distance from a 
central axis of the shaft to a bottom land of the valley is constant from the step region 
to the end of the shaft. 

Applicants respectfully submit that originally filed Figures 29-31 (now Figures 13- 
15) clearly and unambiguously show the valley radius of shaft tooth section of the shaft 
is constant from the step region (i.e., where the valley slopes from point P1 to point P2) 
to the end of the shaft, which is the end of the shaft opposite the end of the shaft having 
the shaft shank. That is, the bottom land of the valley from point P1 to the end of the 
shaft (i.e., the end that is opposite the end having the shaft shank) is constant and does 
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not have any grooves, or other discontinuities in the valley radius defined therein. See 
page 33, lines 7-12 of the originally filed Specification for support for the above- 
emphasized feature of the claimed invention. 

Applicants respectfully submit that Beigang, regardless of how the disclosure is 
interpreted, fails to disclose or suggest the shaft tooth section 5 with a straight peak A1 
having a constant tooth thickness and a valley A2 having an outside diameter varying 
from an end of the shaft 1 toward the shaft shank 4 of the shaft, the valley A2 having a 
step region A3 sloped toward the hub tooth section 7 obliquely at a predetermined 
angle, wherein a valley radius of the shaft tooth section 5 representing a distance from a 
central axis of the shaft 1 to a bottom land of the valley A2 is constant from the step 
region A3 to the end of the shaft 1. Rather, the bottom land of the valley A2 from the 
step region A3 to the end of the shaft 1 is not constant due to the formation of an 
annular groove 6 in the bottom land of the valley A2 of the shaft tooth section 5. See 
column 3, lines 29-46 and Figure 1 of Beigang. 

Moreover, when a peak diameter of a hub tooth section is changed depending on 
a change of a valley diameter of a shaft tooth section, as is disclosed in Beigang, a 
stress tends to concentrate. In contrast, in the present invention, it is possible to 
distribute stresses to increase static mechanical strength and fatigue strength. That is, 
Beigang cannot obtain the benefit provided by the present invention because of the 
stresses being concentrated therein. 

Therefore, Applicants respectfully submit that Beigang does not disclose, teach 
or suggest each and every feature recited by Claim 11. 
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To qualify as prior art under 35 U.S.C, §102, each and every feature recited by a 
rejected claim must be disclosed by the art of record. As explained above, Beigang 
does not disclose each and every feature recited by Claim 11. Therefore, Applicants 
respectfully submit that Claim 11 is not anticipated by, or rendered obvious in view of, 
Beigang and should be deemed allowable. 

Claim 12 depends from Claim 11. Applicants respectfully submit that this 
dependent claim be deemed allowable over Beigang for at least the same reason(s) 
that Claim 1 1 is allowable, as well as for the additional subject matter recited therein. 

Applicants respectfully request withdrawal of the rejection. 
Conclusion 

Prompt and favorable examination on the merits is respectfully requested. 

In view of the above, reconsideration of the application, withdrawal of the 
outstanding objections and rejections, allowance of Claims 11-12, and the prompt 
issuance of a Notice of Allowance is respectfully requested. 

Should the Examiner believe anything further is desirable in order to place this 
application in better condition for allowance, the Examiner is requested to contact the 
undersigned at the telephone number listed below. 
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In the event this paper is not considered to be timely filed, the Applicants 
respectfully petition for an appropriate extension of time. Any fees for such an 
extension, together with any additional fees that may be due with respect to this paper, 
may be charged to counsel's Deposit Account No. 01-2300, referencing Attorney 
Docket Number 025416.00025. 

Respectfully submitted, 




Attorney Ydr Apo/icants 
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Enclosures: Replacement Sheets of Formal Drawing Figures 1-19 
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ARENT FOX LLP 
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MARKED-UP VERSION OF 
SUBSTITUTE SPECIFICATION 

DESCRIPTION 

POWER TRANSMISSION MECHANISM OF SHAFT AND HUB 
CROSS-REFERENCE TO RELATED APPLICATION 

This application is a National Stage entry of 
International Application No. PCT/JP2004/011080, filed 
August 3, 2004, the entire specification claims and drawings 
of which are incorporated herewith by reference. 
TECHNICAL FIELD 

The present invention relates to a power transmitting 
mechanism for transmitting torque smoothly between two 
members comprising a shaft and a hub. 

BACKGROUND ART 

On motor vehicles such as automobiles, there have been 
employed a set of constant velocity joints for transmitting 
drive power from an engine through a shaft to axles. Each 
constant velocity joint comprises an outer member, an inner 
member, and a torque transmitting member disposed between 
the outer and inner members for transmitting torque between 
the outer and inner members. The constant velocity joint 
includes a shaft/hub unit having a tooth assembly which 
comprises a shaft tooth section on the shaft and a hub tooth 
section on a hub, the shaft tooth section and the hub tooth 
section being held in mesh with each other. 

In recent years, there have been demands for efforts to 
reduce circumferential backlash of constant velocity joints 
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which is caused by the chattering cf the power transmitting 
system ouch aa noioc and vibration . Heretofore, attempts 
have been made to reduce backlash between the inner ring and 
the shaft with a constant velocity joint having shaft 
serrations tilted at a torsional angle. Depending on the 
direction of the torsional angle and the direction of the 
torque load, the mechanical strength and service life of the 
inner ring and the shaft are likely to vary from product to 
product . 

In the art of gears, technical concepts for crowning 
tooth surfaces have been disclosed in Japanese Laid-Open 
Patent Publication No. 2-62461, Japanese Laid-Open Patent 
Publication No. 3-69844, and Japanese Laid-Open Patent 
Publication No. 3-32436, for example. 

The applicant of the present application has proposed a 
spline shaft wherein the crowning top is positioned where 
the stress is minimized when torque is applied to a region 
where the spline shaft and a constant velocity joint mesh 
with each other, thereby preventing the stress from 
concentrating on certain regions and simplifying the overall 
structure of zhe spline shaft (see Japanese Laid-Open Patent 
Publication No. 2001-287122). 

DISCLOSURE OF THE INVENTION 

PROBLEMS TO BE SOLVED BY SUMMARY OF THE INVENTION 

It is a general object of the present invention to 
provide a power transmitting mechanism for a shaft and a 
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hub, which is designed to prevent stresses from 
concentrating on certain regions for increased static 
mechanical strength and fatigue strength. 



5 MEANS FOR SOLVING THE PROBLEMS 

According to the present invention, when torque is 
applied to a portion between a shaft and a hub wherein a 
shaft tooth section and a hub tooth section are held in mesh 
with each other, by increasing the outside diameter of a 

10 valley of the shaft tooth section, which is a stress 

concentrating region, the stresses are distributed and 
strength of the shaft is increased. 

Further, according to the present invention, since a 
changing point of the outside diameter of the valley of the' 

15 shaft tooth section and a changing point of the inside 

diameter of a peak of the hub tooth section are offset from 
each other by a predetermined distance, the stresses imposed 
on the shaft tooth section are distributed to one changing 
point and the other changing point, thereby relaxing stress 

20 concentration. As a result, the stress concentration is 

relaxed and distributed, thus increasing static mechanical 
strength and fatigue strength of the area where the shaft 
tooth section and the hub tooth section mesh with each 
other. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view, partly cut away, of a 
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shaft/hub unit which incorporates a power transmitting 
mechanism according to a first embodiment of the present 
invention; 

FIG. 2 is an enlarged partial transverse cross- 
sectional view showing a shaft tooth section and a hub tooth 
section which are held in mesh with each other in the 
shaft/hub unit shown in FIG. 1; 

FIG. 3 is an enlarged partial longitudinal cross- 
sectional view in the axial direction of a shaft, showing a 
peak of the hub tooth section which engages in a valley of 
the shaft tooth section shown in FIG. 1; 

FIG. 4 is an enlarged partial longitudinal cross- 
sectional view showing a tapered surface of a first step 
region slanted at a smaller tilt angle 6 of the shaft shown 
in FIG. 3; 

FIG. 5 is an enlarged partial longitudinal cross- 
sectional view showing a tooth of the shaft tooth section 
whose outside diameter varies toward a shaft shank of the 
shaft shown in FIG. 4; 

FIG. 6 is a diagram showing the relationship between 
the tilt angle 9 of the first step region of the shaft tooth 
section, stress relaxation, and productivity; 

FIG. 7 is a graph showing the relationship between 
stresses developed on the shaft and positions where the 
stresses are measured with respect to a shaft wherein a 
first step region and a second step region are not formed in 
a shaft tooth section and a hub tooth section and a shaft 
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wherein a first step region and a second step region are 
formed in a shaft tooth section and a hub tooth section; 

FIG . 8 is a graph showing the relationship between 
stresses developed on the shaft and positions, where the 
stresses are measured with respect to a shaft wherein a 
first step region is slanted at a much smaller tilt angle 0; 

FIG. 9 is a graph showing the relationship between 
stresses developed on the shaft and positions where the 
stresses are measured, with respect to a shaft wherein a 
changing point of the diameter of a shaft tooth section and 
a changing point of the diameter of a hub tooth section are 
offset from each other and to a shaft wherein a changing 
point of the diameter of a shaft tooth section and a 
changing point of the diameter of a hub tooth section are 
not offset from each other; 

FIG. 10 is a graph showing the relationship between 
stresses developed on the shaft and positions where the 
stresses are measured when the stresses are produced in 
response to an input load imposed at the time torque is 
applied; 

FIG. 11 is an enlarged partial longitudinal cross- 
sectional view taken along line XI - XI of FIG. 3; 

FIG. 12 is an enlarged partial longitudinal cross- 
sectional view taken along line XII - XII of FIG. 3; 

FIG. — 13 io an enlarged longitudinal croGO - occt ional 
view of a modification wherein spline teeth in a ohaft tooth 
section and a hub tooth section arc ^of an involute shape; 
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FIG . — 3r4 — is a perspective view, — partly cut away, of o 
shaft/hub unit which incorporates a power transmitting 
mechanism according to a second - embodiment of the present 
invention; 

FIG . — 15 io an enlarged partial longitudinal cross- 
sectional view in the axial direction of a shaft, — showing a 
peak of a hub tooth section which engages in a valley of a 
shaft tooth section shown in FIG . — 1-4-?- 

FIG . — 16 is an enlarged partial — longitudinal cross - 
scctional view showing that a point — PI as a starting point 
of an arcuate — region formed in the shaft tooth section and a 
point P2 as a starting point of a step region formed in a 
the hub tooth section are vertically aligned with each other 
without being offset; 

FIG. — 1-? — is a graph showing the relationship between 
stresses developed on the shaft and ' positions where the 
stresses arc measured with respect to a shaft wherein no 
step region is formed in a hub tooth section and a shaft 
wherein an arcuate region is formed in a shaft tooth 
section; 

FIG . — 18 io an enlarged partial longitudinal cross - 
sectional view taken along line XVIII XVIII of FIG. — l-&-f 

FIG . — 19 is an enlarged partial longitudinal cross 
sectional view taken along line XIX XIX of FIG. — 

FIG . — 20 is a perspective view, — partly qui away, — of a 
shafr/hub unit which incorporates a power transmitting 
mechanism according to a third embodiment of the present 
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invention; 

FIG . — 21 io an enlarged partial longitudinal orooo- 
sectional view in the axial direction of a ohaft, — showing a 
peak of a hub tooth section which engages in a valley of a 
ohaft tooth section ohown in FIG. 20; 

FIG . — 22 io an enlarged partial longitudinal cross ■ 
gcctional view ohowing a tooth of the ohaft tooth ocction 
whooc outside diameter varies toward a ohaft ohank of the 
ohaft ohown in FIG. 21; 

FIG . — 23 io a diagram ' showing the rclationohip between 
the rioe angle 8 - of a tapered region of the ohaft tooth 
section, — stress relaxation, — and productivity; 

FIG . — 24 io a graph showing the rclationohip between 
otrcooco developed on the ohaft and pooitiono where the 
otrcoocs ■ arc rocaourcd, — with reopect to a ohaft wherein a 
tapered region and a otcp region arc not formed in a ohaft 
tooth section and a hub tooth ocction and a ohaft wherein a 
tapered region and a otcp region arc formed without being 
offset ; 

FIG . — 25 io a graph ohowing the rclationohip between 
otrcooco developed on the ohaft and pooitiono where the 
otreooco arc measured, — with reopect to a ohaft wherein a 
tapered region and a otcp region are not formed in a shaft 
tooth ocction and a hub tooth ocction and a ohaft wherein 
starting points of a tapered region and a step region arc 
offoct from each other; 

FIG . — 26 io a graph ohowing the rclationohip between 
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otrcooco dcvciopcd on the ohaft and pooitiono where the 
otrcooco arc mooourcd, — with reopect to a ohaft wherein a 
changing point of the diameter of a ohaft tooth section and 
a changing point of the diameter of a hub tooth ocction arc 
offoct from each other and to a ohaft wherein a changing 
point of the diameter of a ohaft tooth ocction and a 
changing point of the diameter of a hub tooth oection arc 
not offoct from each other; 

FIG : 27 io an enlarged partial longitudinal crooo - 
oectional view taken along line XXVII XXVII of FIG . 21; 

FIG . — £8 — io an enlarged partial longitudinal crooo - 
occtional view taken along line XXVIII XXVIII of FIG . 21; 

FIG. 13 54 is a perspective view, partly cut away,, of a 
shaft/hub unit which incorporates a power transmitting 
mechanism according to a second fourth embodiment of the 
present invention ; 

' FIG . 14 ^& is an enlarged partial longitudinal cross- 
sectional view in the axial direction of a shaft, showing a 
peak of a hub tooth section which engages in a valley of a 
shaft tooth section shown in FIG. 13 54; 

FIG< 15 -34r is an enlarged partial longitudinal cross- 
sectional view showing a first tapered region - having a small 
tilt angle 0 in a step region of the shaft shown in FIG. 1*4 
30; 

FIG . — 32 io an enlarged partial longitudinal crooo 
occtional view in the axial direction of the ohaft, — showing 
that a hub having a second tapered region in a hub tooth 
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section engages the shaft shown in FIG. — 3-3^ 

FIC ; — 33 is an enlarged partial — longitudinal cross- 
sectional view in the axial direction of the shaft, — showing 
that a hub having an arcuate of predetermined radius of 
curvature in a hub tooth section engages the shaft shown in 
FIC. 31; 

FIC . — 3-4 — is an enlarged partial — longitudinal cross - 
sectional view showing a tooth of the shaft tooth section 
whose outside diameter varies toward a shaft shank of the 
shaft shown in FIG . — M-f- 

FIG. 16 ^ is a diagram showing the relationship 
between the tilt angle 0 of the step region of the shaft 
tooth section, stress relaxation, and productivity; 

FIG. 17 3-6- is an enlarged partial longitudinal cross- 
sectional view taken along line XXXVI - XXXVI of FIG. 14 30;- 

FIG. 1J3 33- is an enlarged partial longitudinal cross- 
sectional view taken along line XXXVII - XXXVII of FIG. 1± 
3£;. and 

FIG. 19 3* is a fragmentary perspective view showing 
the manner in which the spline teeth of a shaft tooth 
section are formed by rolling racks. 

BEST MODE FOR CARRYING OUT THE INVENTION 

FIG. 1 shows a shaft/hub unit 10 which incorporates a 
power transmitting mechanism according to a first embodiment 
of the present invention. The shaft/hub unit 10 serves as 
part of a constant velocity joint. The shaft/hub unit 10 
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comprises a shaft 12 (different embodiments of which arc 
identified in the appropriate figures with the following 
corresponding reference numbers 12 ±-, — 12^ 7 — ^ 7 12 . 4 , 12 $ , or 

functioning as a power transmitting shaft and a hub 14 
(different embodiments of which arc identified in the 
appropriate figures with the following corresponding 
reference numbers 14 ^ 7 — 3r4a , 1 4^ 7 — t4 47 — 14a,, or 14b) 
functioning as an inner ring that is disposed in openings in 
an outer cup (not shown) and has guide grooves 15 receiving 
therein balls (not shown) . 

The shaft 12 has fitting portions 18 on its respective 
opposite ends each fitting in an axial hole 16 in the hub 
14. In FIG. 1, only one end of the shaft 12 is shown, with 
the other end omitted from illustration. The fitting portion 
18 has a shaft tooth section 22 (the other embodiment of 
which is illustrated in the appropriate figures with the 
following corresponding reference number 22') comprising a 
plurality of straight spline teeth 20 which have a 
predetermined tooth- length in the axial direction of the 
shaft 12 and which are formed successively in the 
circumferential direction of the shaft 12. Specifically, the 
shaft tooth section 22 comprises a circumf erentially 
alternate succession of convex peaks 22a (the other 
embodiment of which is illustrated in the appropriate 
figures with the following corresponding reference number 
22a') and concave valleys 22b [the other embodiment of which 
is illustrated in the appropriate figures with the following 
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corresponding rcforcncc number 22b' ) , As shown in FIG. 2, 
the peaks 22a of the shaft tooth section 22 have 
substantially the same tooth thickness, and extend 
substantially parallel to the axis of the shaft 12 (see FIG. 
1) • 

The shaft 12 has a shaft shank 24 extending from an end 
of the shaft tooth section 22 which is closer to the center 
of the shaft 12. A retaining ring (not shown) is mounted in 
an annular groove (not shown) defined in the end of the 
shaft 12 for preventing the hub 14 from being released from 
the shaft 12. 

The hub 14 has, on the inner circumferential surface of 
the axial hole 16, a hub tooth section 28 (the other 
embodiment of which io illustrated in the appropriate 
figures with the following correoponding reference number 
28' ) having a plurality of straight spline teeth 26 that fit 
in the fitting portion 18 of the shaft 12. Specifically, the 
hub tooth section 28 comprises a circumf erent ially alternate 
succession of convex peaks 28a (the other embodiment of 
which io illustrated in the appropriate figures with the 
following correoponding reference number 28a' ) and concave 
valleys 28b. As shown in FIG. 2, the peaks 28a have 
substantially the same tooth thickness and extend 
substantially parallel to the axial direction of the shaft 
12. 

FIG. 3 shows, in enlarged partial longitudinal cross 
section in the axial direction of the shaft 12 -{4-2^7 — =-2^-, 
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that a peak 28a of the hub tooth section 28 engages in a 
valley 22b of the shaft tooth section 22. In FIG. 3, a 
position corresponding to an axially central point of the 
shaft tooth section 22 is represented by PO. 

A point PI (changing point) is established on the 
bottom land of the valley 22b at a position which is 
displaced horizontally a predetermined distance LI toward 
the shaft shank 24 from the central point PO of the shaft 
tooth section 22 on the bottom land of the valley 22b 
(valley radius <|)A1) . From the point PI, the bottom land of 
the valley 22 is raised radially outwardly toward the hub 
tooth section 28, providing a first step region 30 having a 
valley radius <j)A2 . The first step region 30 extends 
horizontally a predetermined distance L2 toward the shaft 
shank 24 and is joined to the shaft shank 24. 

The first step region 30 of the shaft tooth section 22 
may have a slanted surface or an arcuate curved surface or a 
compound surface having a predetermined radius of curvature. 

The peak 22a of the shank tooth section 22 has an 
outside diameter which may remain constant in the axial 
direction, as shown in FIGS. 3 and 4, or which may 
progressively decrease from an area close to the point PI 
toward the shaft shank 24, as shown as 22a' in FIG. 5. With 
the outside diameter of the peak 22a' 2-2a progressively 
decreasing toward the shaft shank 24, the shaft tooth 
section 22 can easily be manufactured by rolling racks, as 
described later on, and the function of the shaft tooth 
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section 22 to transmit torque is not lowered. In FIG. 5, 
the reference character "H" represents a horizontal line to 
be compared with a change (reduction) in the outside 
diameter of the peak 22a' 

On the peak 28a of the hub tooth section 28, there is 
established a point P2 at a position which is offset a 
predetermined distance L4 from the point PI in the shaft 
tooth section 22 in a horizontal direction away from the 
shaft shank 24. From the point P2, the peak 28a changes its 
peak radius <j>A3 to a peak radius <j)A4 , providing a second 
step region 32 with the peak radius <J>A4 . The second step 
region 32 extends horizontally a predetermined distance L3 
toward the shaft shank 24. 

The second step region 32 of th'e hub tooth section 28 
may have a slanted surface or an arcuate curved surface or a 
compound surface having a predetermined radius of curvature, 
and may be *of a shape different from the shape of the first 
step region 30. The tilt angle of the second step region 32 
is set as desired compiementarily to the tilt angle of the 
first step region 30. The shape of the hub tooth section 28 
is not limited to the shape of the second step region 32, 
but may include a round shape, a tapered tape, or the like 
having a predetermined radius of curvature. The valleys 28b 
of the hub tooth section 28 have an inside diameter which 
remains constant. 

The valley radii <PA1 , 3>A2 represent respective 
distances from the central axis of the shaft 12 co the 
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bottom lands of the valley 22b of the shaft tooth section 
22. The peak radii OA3, 4>A4 represent respective distances 
from the central axis of the shaft 12 -f3r2-^ 7 — 3r2-y)- to the top 
lands of the peak 28a of the hub tooth section 28. 

The distance L2 in the shaft tooth section '22 may be 
set to a value greater than the distance LI in the shaft- 
tooth section 22 (LKL2) . The distance L2 in the shaft tooth 
section 22 and the distance L3 in the hub tooth section 22 
may be set to substantially equal values (L2 L3), or the 
distance L3 in the hub tooth section 22 may be set to a 
value greater than the distance L2 in the shaft tooth 
section 22 (L2<L3) , for allowing an offset {described later) 
to be easily established depending on dimensional tolerance 
and dimensional accuracy and also for improving the ease in 
assembling the shaft 12 +±2r ±, 12 ^h and the hub 14 -f3nM- 
together. In FIG. 3, the distance L2 and the distance L3 are 
not plotted accurately to actual dimensions. 

As can be seen from FIG, 3, the point- PI as a starting 
point (changing point) where the first step region 30 of the 
shaft tooth section 22 starts to rise and the point P2 as a 
starting point (changing point) where the second step region 
32 of the hub tooth section 28 starts to rise are offset 
substantially horizontally from each other by a 
predetermined distance L4 . 

Therefore, when torque is applied to the shaft/hub unit 
10 wherein the shaft tooth section 22 and the hub tooth 
section 28 mesh with each other, since the point PI in the • 
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shaft tooth section 22 and the point P2 in the hub tooth 
section 28 are offset from each other by the distance LA, 
the stresses imposed on the shaft/hub unit 10 are 
distributed to the points PI, P2, thereby relaxing stress 
concentration. As a result, static mechanical strength and 
fatigue strength of the area where the shaft ~ooth section 
22 and the hub tooth section 28 mesh with each other are 
increased . 

In FIG. 4, a right-angled triangle formed by 
interconnecting points PI, P3, P4 may have its cross- 
sectional area increased, and the angle 9 formed between a 
line segment P14 interconnecting the points PI, P4 and a 
line segment P13 interconnecting the points Pi, P3, i.e., 
the tilt angle. 6 of the first step region 30, may be set to 
a smaller value for further relaxing stress concentration 
with a tapered surface 34 of the first step region 30. 

The relationship between the tilt angle 6 of the first 
step region 30, stress relaxation, and productivity is shown 
in FIG. 6. It can be seen from FIG. 6 that stress 
relaxation and productivity are good (see symbol "O") if 
the tilt angle 0 is set to a value in the range from 5 
degrees to 45 degrees, and optimum (see symbol "®") if the 
tilt angle 9 is set to a value in the range from 10 degrees 
to 35 degrees. 

If the tilt angle 0 is set to 3 degrees, no sufficient 
stress distribution capability is available, and it is 
difficult to manufacture the shaft tooth section 22 with 
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rolling racks, to be described later. If the tilt angle 9 
is set to 90 degrees, excessive stresses concentrate on the 
first step region 30, and the durability of roiling racks 
used to manufacture the shaft tooth section 22 is reduced. 

FIG. 7 shows a characteristic curve A (broken-line 
curve) of stresses on a comparative shaft wherein the first 
step region 30 and the second step region 32 are not formed 
in the shaft tooth section 22 and the hub tooth section 28 
and a characteristic curve B (solid-line curve) of stresses 
on a shaft wherein the points PI, P2 are offset from each 
other by the predetermined distance L4 shown in FIG. 4 and 
the tilt angle 9 of the first step region 30 is set to a 
large value. A comparison between the characteristic curve 
A and the characteristic curve B indicates that according to 
the characteristic curve B which represents the structure 
shown in FIG. 4, the peak of stresses is reduced and the 
concentration of stresses is relaxed. 

FIG. 8 shows a characteristic curve C of stresses on a 
shaft wherein the tilt angle 9 of the first step region 30 
is smaller than with the characteristic curve B. It can be 
understood from FIG. 8 that by reducing the tilt angle 0 to 
increase the size of the tapered surface 34, the tapered 
surface 34 is capable of more relaxing stresses (compare a 
portion a of the characteristic curve B shown in FIG. 7 and 
a portion P of the characteristic curve C shown in FIG. 8) . 

FIG. 9 shows a characteristic curve E (solid-line 
curve) of stresses on a shaft wherein the point PI in the 
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shaft tooth section 22 and the point P2 in the hub tooth 
section 28 are offset from each other by a predetermined 
distance, and a characteristic curve F (broken-line curve) 
of stresses on a shaft wherein the points PI, P2 are not 
5 offset from each other, i.e., the distance by which the 

points PI, P2 are spaced horizontally from each other is 
nil. 

A comparison of offset and offset-free portions (see 
portions y of the characteristic curves E, F) shows that the 

10 characteristic curve E of the shaft wherein the starting 

point PI (see FIGS . 3 and 4) in the shaft tooth section 22 
and the starting point P2 (see FIGS. 3 and 4) in the hub 
tooth section 28 are offset from each other is more gradual 
than the characteristic curve F wherein the starting points 

15 PI, P2 are not offset from each other. The offset starting 

points PI, P2 are effective in relaxing stresses in the area 
where the radii change. 

FIG. 2 shows the manner in which the straight peak 22a 
of the shaft tooth section 22 and the straight peaks 28a of 

20 the hub tooth section 28, which are held in mesh with each 

other, are in mesh with each other when torque is applied to 
them in their unloaded state. It. is assumed that when 
torque is applied to the peaks 22a, 28a, a load is applied 
to them in the direction indicated by the arrow Y which is 

25 perpendicular to the axis of the shaft tooth section 22. 

FIG. 10 shows the relationship between stresses 
developed on the shaft and positions where the stresses are 
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measured (see the arrow X in FIG. 2) . If zhe magnitude of 
the applied load varies through three stages, i.e., a low 
load, a medium load, and a high load, then it can be seen 
that the peak points of stresses reside in substantially the 
5 same measuring position D as indicated by points a, b, c, 

from a low-load characteristic curve, a medium-load 
characteristic curve, and a high-load characteristic curve 
which correspond to the above stages, respectively. 

FIGS. 11 and 12 are enlarged partial longitudinal 

10 cross-sectional views showing the manner in which the peak 

28a of the hub tooth section 28 contacts the valley 22b of 
the shaft tooth section 22 at the time the shaft 12 and the 
hub 14 are assembled together. In FIGS. 11 and 12, (f>dl 
through <|>d3 represent pitch circle radii from the central 

15 axis of the shaft 12. 

Since the shaft tooth section 22 is straight in shape 
and the hub tooth section 28 is straight in shape, the side 
surfaces of the shaft tooth section 22 and the hub tooth 
section 28 are held in fact-to-face contact with each other 

20 at all times (see FIGS. 2, 11, and 12). 

As can be understood from a comparison between FIGS. 11 
and 12, the radii <|)d2, <J>d3 of the shaft tooth section 22 in 
a stress concentrating region can be increased by a by 
forming the first step region 30 (see FIG. 3) and the second 

25 step region 32 (see FIG. 3) in portions of the shaft tooth 

section 22 and the hub tooth section 28 which are close to 
the shaft shank 24. 



-19- 

MARKED-UP VERSION OF 
SUBSTITUTE SPECIFICATION 

Since the radii <|>d2, 4>d3 of the shaft tooth section 22 
in the stress concentrating region are increased by a, the 
radius of curvature of the bottom land R of the valley 22b 
of the shaft tooth section 22 can be increased for stress 
distribution (see R' in FIG. 12) . Overall stresses (main 
stresses) can be lowered by increasing the radius of the 
region close to the shaft shank 24 as compared with other 
regions . 

The ohoft tooth ocction and the hub tooth section shown 
in FIGS. — 11 and 12 may be of an involute shape as shown in 

FIG, 13. In FIG . 13, shaft teeth 22c of the shaft tooth 

section 22 and hub teeth 28c of the hub tooth section 28 
contact each other on a reference pitch circle diameter T. 
Therefore, — the shaft 12 and the hub 1 4 can easily be 
machined into the oho ft tooth section — 22 and the hub tooth 
section 28, — respect ivcly , — by rack - shaped tools, — and the 
shaft tooth section 22 and the hub tooth section 28 can 
smoothly be brought into meshing engagement with each other. 

According to the first embodiment, as described above, 
the point PI as a starting point of the first step region 30 
of the shaft 12 and the point P2 as a starting point of the 
second step region 32 of the hub 14 are offset substantially 
horizontally from each other by the distance LA. 

Therefore, when torque is applied to the shaft/hub unit 
10 wherein the shaft tooth section 22 and the hub tooth 
section 28 mesh with each other, the. stresses imposed on the 
shaft/hub unit 10 are distributed to the points PI, P2, 
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thereby relaxing stress concentration. Consequently, static 
mechanical strength and fatigue strength of the area where 
the shaft tooth section 22 and the hub tooth section 28 mesh 
with each other are increased. 

Furthermore, by setting the tilt angle 9 at the 
starting point PI of the first step region 30 to a value in 
the range from 5 degrees to 45 degrees, the tapered surface 
34 of the first step region 30 further relaxes stress 
concentration. 

With the shaft 12 used as a power transmitting shaft 
and the hub 14 as an inner member housed in an outer member 
of a constant velocity joint, when torque is transmitted 
from the power transmitting shaft to the hub 14, stresses 
concentrating on the area where the shaft 12 and the hub 14 
engage each other are appropriately relaxed, allowing the 
drive power 'to be transmitted reliably to the outer member 
of the constant velocity joint. 

FIG . — 1 4 shows a ohaft/hub unit — 100 which incorporates a 
powor transmitting mechanism according to a second 

embodiment of the present invention. FIC. — 15 shows, — if* 

enlarged partial longitudinal cross — section in the axial 
direction of the shaft 12, — that a peak 28a of a hub tooth 
section - 28 which engages in a valley 22b of a shaft tooth 
section 22. 

In the embodiments to be described below, those parts 
of shaft/hub units which are identical to those of the 
shaft/hub unit 10 according to the first embodiment a-^e 
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dcnotod by idonticol reference characters, — a-^d will not be 
described in detail below. Those parts which operate in the 
same manner as and offer the same advantages as those 
according to the first embodiment will not be described in 
detail below. 

Ao shown in FIC. 15, — a point PI — io established on the 
bottom land of the valley 22b — (valley radius tfrBl) at a 
position which is displaced horizontally a predetermined 
distance LI toward the shaft shank 2 4 from the central point 

PQ of the shaft tooth section 22. From the point PI, — an 

arcuate region 130 extends toward the hub tooth section 28 
and is joined to the shaft shank 24, — the arcuate region 130 

h a v in g a radius G of curvature. Stated otherwise, — fe-ke 

arcuate region 130 is formed about a point P3 on a base line 
H which extends from the point — PI substantially 

perpendicularly to the hub tooth section 28. Insofar as the 

center P3 of the arcuate region 130 is placed on the base 
line H, — the arcuate region 130 may hove any arbitrary radius 
of curvature. 

On the peak 28a of the hub tooth section 28, — there is 
established a point P2 at a position which is offset a 
predetermined distance L2 from the point PI in the shaft 
tooth section 22 in a horizontal direction away from the 

shaft shank 24 . From the point P2, — the peak 28a changes its 

peak radius (j)B2 to a peak radius $33, — providing a step 

region 132 with the peak radius <|)B3. The step region 132 

extends horizontally a predetermined distance L3 toward the 
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ohaf t ohank 2 4 . 

The step region 132 of the hub tooth section 28, which 
io retracted away' from the ohaf t tooth section 22, may have 
a slanted surface or an arcuate curved surface or a compound 

surface having a predetermined radius of curvature. The 

tilt angle of the step region 132 starting from the point P2 
is set as desired complcmcntarily to the tilt angle of the 
arcuate region 130. 

The shape of the hub tooth section 28 is not limited to 
the shape of the step region 132, but may include a round 
shape, — a tapered tape, — or the like having a predetermined 

radius of curvature. The valleys 28b of the hub tooth 

section 28 have an inside diameter which rema ins con stant:. 
The peak 22a of the shank tooth section 22 has an outside 
diameter which may remain constant in the axial direction, 
as shown in FIGS. — 15 and 16, — or which may progressively 
decrease from an area close to the point PI toward the shaft 
shank 2 4 , — as shown in FIG. — 5-r 

The valley radius (j)Bl represents a distance from the 
central axis of the shaft 12 to the bottom land of the 

valley 22b of the shaft tooth section 22. The peak radii 

(|)32, — (|)B3 represent respective distances from the central 
axis of ~hc shaft — 12 to the top lands of the peak 28a of the 
hub tooth section 28. 

As can be seen from FIG . — — the point PI as a starting 
point where the arcuate region 130 of the shaft tooth 
section 22 Starrs to rise and the point P2 as a starting 
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point where the stop region 132 in the hub tooth section 28 
starts to rioc ore offset substantially horizontally from 
each other by a predetermined distance L2 . 

Therefore, — when torque is applied to the shaft/hub unit 
1QQ wherein the shaft tooth section 22 and the hub tooth 
section 28 mesh -with each other, — since the point — PI in the 
shaft tooth section 22 and the point — P2 in the hub tooth 
section 28 are offset from each other by the distance L2, 
the stresses imposed on the shaft/hub unit 100 arc 
distributed to areas aO, al in the shaft tooth section 22 by 
the arcuate region 130, — thereby relaxing stress 

concentration and reducing the peak of stresses. As a 

result, — static mechanical strength and fatigue strength of 
the area where the shaft tooth section 22 and the hub tooth 
section 28 mesh with each other arc increased. 

As shown in FIC . — — the points — P-i-7 — P2 may be 
vertically aligned with each other without being offset from 

each other. With such an arrangement, — the arcuate region 

130 in the shaft tooth section 22 and the step region 132 in 
the hub tooth section 28 coact with each other in 
distributing the stresses applied to the arcuate region 130 
and relaxing stress concentration. 

FIG. — 17 shows a characteristic curve J — (broken-iinc 
curve) — of stresses on a comparative shaft wherein the step 
region 132 is not formed in the hub tooth section 28 and a 
characteristic curve K — (solid - line curve) — of stresses on a 
shaft wherein the points PI, P2 arc offset from each other 
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by a predetermined distance and the estop region 132 with the 
starting point P2 io formed in the hub tooth section 28, 

A comparioon between the charactcriot ic curve J and the 
characteristic curve K indicates that according to the 
characteristic curve K of the structure ohown in FIG . 15, 
the peak of stresses io distributed to areas aO, — o4-t — a^d 

hence is reduced in the area al. Specifically, — though the 

stress in the area aO of the characteristic curve K is 
higher than the stress in the area oO of the characteristic 
curve J; — since the maximum stress in the area al of the 
characteristic curve K is lower than that of the 
characteristic curve J, — the peak of maximum stresses 
produced on the shaft 12 is reduced. 

Stresses on a shaft wherein the points PI/ — P2 arc 
offset — from each other by a predetermined distance and 
stresses on a shaft wherein the points PI, — P2 arc not offset 
from each other, — i.e., — the distance by which the points PI, 
P2 arc spaced horizontally from each other is nil, — arc the 
same as those of the characteristic curves 5, — F shown in 
FIG . — 9 according to the first embodiment. Therefore, — the 
characteristic curve E representative of the shaft wherein 
the points PI, — P2 are offset from each other is more gradual 
than the characteristic curve F representative of the shaft 
wherein the points PI, — P2 arc not offset from each other. 
The offset starting points PI, — P2 arc effective in relaxing 
stresses in the area where the radii — change . 

If the magnitude of the applied load varies through 



-25- 

MARKED -UP VERSION OF 
SUBSTITUTE SPECIFICATION 

three stages, — i.e., — a low load — (brolccn - linc curve) , — a medium 
load (dot - and - daoh - linc curve), — and a high load — (solid-line 
curve) 7 — then the peak points of stresses reside in 
substantially the same measuring position D as indicated by 
points a, — b- f — e- f — from a low load characteristic curvc> — a- 
medium - load characteristic curve, — and a high - load 
characteristic curve which correspond to the above stages, 
respectively, — as with the first embodiment — (see FIG. — 10) . 

FIGS . — 18 and 19 arc enlarged partial longitudi - nal 
cross - sectional views showing the manner in which the peak 
28 a o f the hub tooth section 28 contacts the valley 22b of 
the shaft tooth section 22 at the time the shaft 12 and the 

hub 14 arc assembled Together. The operation and advantages 

of the ohaft/hub unit 100 arc identical to those of -- the 
shaft/hub unit 10 according to the first embodiment, — a-frd 
will not be described in detail below. 

According to the second embodiment, — the point PI as a 
starting point of the arcuate region 130 of the shaft 12 and 
the point P2 as a starting point of the step region 132 of 
the hub 14 arc offset substantially horizontally from each 
other by the distance L2 . 

Therefore, when torque is applied to the shaft/hub unit - 
100 wherein the shaft tooth section 22 and the hub tooth 
section 28 mesh with each other, the stresses imposed on the 
shaft/hub unit 100 arc distributed to the areas aO, — al in 
the shaft tooth section 22 by the arcuate region 130, 
thereby relaxing stress concentration and reducing the peak 
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of stresses in the area ol. As a rcoult, — since stress 

concentration io relaxed, — static mechanical strength and 
fatigue strength of the area where the shaft tooth section 
22 and the hub tooth ocction 28 mesh with each other arc 
increased . 

FIG . — 20 shows a ohaft/hub unit 200 which incorporates a 
power transmitting mechanism according to a third embodiment 

of the present invention. FIG. 21 shows, — in cnla.rgcd 

partial longitudinal cross section in the axial dir e ction of 
the shaft 12, — that a peak 28a of a hub tooth section 28 
engages in a valley 22b of a shaft tooth section 22. 

A point PI is established on the bottom land of the 
valley 22b at a position which is displaced horizontally ■ a 
predetermined distance LI toward the shaft shank 24 from the 
central point P0 of the ohaft shank occcion 22 on the bottom 

land of the valley 22b — (valley radius (frCl) . From the point 

W-7 — the radius of the bottom land of - the valley 22b - as 
progressively increased toward the hub tooth section 28, 
providing a tapered region 230 tilted at a predetermined 

angle 9. The tapered region 230 extends toward and is 

joined to the shaft shank 2 4 . 

The peak 22a of the shank tooth section 22 has an 
outside diameter which may remain constant in the axial 
direction, — as shown in FIG. — — or which may progressively • 
decrease from an area close to the point PI toward the shaft 
shank 2 4 , — as shown in FIG. — 2-2-r- 

With the outside diameter of the peak 22a progressively 
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dccrcQo i hg toward the shaft shank 2 4 , — the oho ft tooth 
section 22 can cosily be manufactured by rolling racko, — a-s 
deocribed later on, — and the - function of the shaft tooth 

section 22 to transmit torque is not — lowered . In FIG . — 2-2-r 

thc reference character "H" represents a horizontal line to 
be compared with a change — (reduction) — in the outside 
diameter of the peak 22a. 

On the peak 28a of the hub tooth ocction 2 8 , — there is 
established a point P2 at a position which is offoet a 
predetermined distance L2 from the point PI in the shaft 
tooth section 22 in a horizontal direction away from the 

shaft shank 24. From the point ?2, — the peak 28a changes its 

peak radius (j)C2 to a peak radius (j)C3, — providing a step 

region 232 with the peak radius <|)C3. The step region 232 

extends horizontally a predetermined distance L3 toward the 
shaft shank 2 4 . 

The step region 232 of the hub tooth section 28 may 
have a slanted surface or an arcuate curved surface or a 
compound surface having a predetermined radius of curvature. 
The tilt angle of the step region 232 starting from the 
point P2 is set as desired ■ complcmontarily to the tilt angle 

6 of the tapered region 230. The shape of the hub tooth 

section 28 is not limited to the shape of the step region 
232, — but may include a round shape, a tapered tape, — or the 

like having a predetermined radius of curvature. -he 

valleys 28b of the hub tooth section 28 have an inside 
diameter which remains constant. 
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The valley radius (j)Cl represents a distance ' from the 
central axis of the shaft 12 to the bottom land of the 

valley 22b of the shaft tooth ocction 22. The peak radii 

§G2-, — (j)C3 rcprcocnt respective distances from the central 
axis of the shaft 12 to the top lando of the peak 28a of the 
hu b to oth section 28. 

As can be seen from FIG. — 2-b — the point — PI as a starting 
point where the straight tapered region 230 of the shaft 
tooth section 22 starts to rise and the point P2 as a 
starting point where the step region 232 in the hub tooth 
section 28 starts — t-e — rise arc offset — substantia ll y 
horizontally from each other by a predetermined distance L2 . 

Therefore, — when torque is applied to the shaft/hub unit 
200 wherein the shaft tooth section 22 and the hub tooth 
section 28 mesh with each other, — since the point PI in the 
shaft tooth section 22 and the point P2 in the hub tooth 
section 28 arc offset from each other by the distance L2, 
the stresses imposed on the shaft/hub unit 200 arc 
distributed to the points PI, — P2, thereby relaxing stress 

eonee ntrat ion . As a result, — static mechanical strength and 

fatigue strength of the area where the shaft tooth section 
22 and the hub tooth section 28 mesh with each other arc 
increased . 

By making the rise angle 8 of the tapered region 230 
smaller, the area of the tapered region 230 as a stress 
acting surface can be increased for more stress relaxation. 

The relationship between the rise angle 8 of the 
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tapered region -230, — stress relaxation, and productivity io 

shown in FIG . — 2-3-7 It can be seen from FIC, — 23 that stress 

relaxation and productivity arc good — (occ symbol " O-^ — ir# 
the rise angle 8 io oat to a value in the range from 6 
degrees to 65 degrcco, — and optimum — (sec symbol — if the 
rise angle 9 is set to a value in the range from 10 degrees 
to 3C degrees. 

If the rise angle 8 is set to a value less than 6 
degrees , — no sufficient stress distribution capability is 

available . If the rise angle 8 io set to a value in excess 

of 65 degrees, — an inexpensive rolling process using rolling 
racks, — to be described later, — cannot be employed, — a-n-e 
productivity is — lowered . 

FIG . — 2 4 shows a characteristic curve M — (broken ■ line 
curve ) — of stresses on a comparative shaft wherein the 
tapered region 230 and the step region 232 are not formed in 
the shaft tooth section 22 and the hub tooth section ■ 2 8 and 
a characteristic curve N — (solid - line curve) — of stresses on a 
shaft wherein the points PI, — P2 arc not offset from each 
ozhcr , — but vertically aligned with each other and the step 

region 232 is formed. It can be occn from FIG, — 2 4 that 

according to the characteristic curve N representing the 
shaft wherein the points PI, — P2 are not offset from each 
other, — the peak of stresses is lower and the concentration 
of stresses is — less intensive than according to the 
characteristic curve M representing the comparative shaft, 
but more stresses concentrate on an area where the points 
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— P2 ore vertically aligned with each other — (sec a portion 
a in FIG . 24 ) . . 

In FIG. — — a characteristic curve Q represents 
stresses on the shaft having the structure shown in FIG. — 24- 
wheroin the tapered region 230 and the step region 232 arc 
formed respectively in the shaft tooth section 22 and the 
hub tooth section 28, — and the PI as a starting point of the 
tapered region 230 and the point P2 as a starting point of 
the step region 232 are offset from each other horizontally 

by a predetermined distance L2 . It can be understood from 

FIG . — 25 that according to the characteristic curve Q, 
stresses in the area where the points PI, — P2 arc offset from 
each other — (see a portion ft in FIG. — 2-§-) — arc loss intensive 
than according to the characteristic curve M representing 
the structure wherein the points PI, — P2 are not offset — from 
each other. 

FIG ; — 26 shows a characteristic curve R — (solid - lino 
curve) — of stresses on a shaft wherein the point PI in the 
shaft tooth section 22 and the point P2 in the hub tooth 
section 28 arc offset — from each other by a predetermined 
distance, — and a characteristic curve S — (broken - line curve ) 
of stresses on a shaft wherein the points — P±-, — P2 arc not 
offset from each other, — i.e., — the distance by which the 
points PI, — P2 are spaced horizontally from each other is 

A comparison of offset and offset - free portions (sec 
portions y in FIG. — 2-€-) — shows that the characteristic curve M 
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of the shaft wherein the starting point PI in the shaft 
tooth section and the starting point P2 in the hub tooth 
section arc offset from each other io more gradual than the 
characteristic curve N wherein the starting points PI, — PS- 

arc not offset from each other. The offset starting points 

-P-t-7 — P2 arc effective in relaxing stresses in the area where 
the radii change. 

The peak points of stresses reside in substantially the 
same measuring position D as indicated by points a, — — e~r 
from a low - load characteristic curve, — a medium - load 
characteristic curve , — and a high - load characteristic curve 
which correspond to the above stages, — respectively, — as with 
&pte — first embodiment — (sec FIG. — 10) . 

FICS . — 27 and 28 are enlarged partial longitudinal 
cross - sectional views — showing the manner in which the peak 
28a of the hub tooth section 28 contacts the valley 22b of 
the shaft tooth section 22b at the time the shaft 12 and the 

hub 1 4 arc assembled together. The operation and advantages 

of the shaft./hub unit 200 arc identical to those of the 
shaft/hub unit — 10 according to the first embodiment, — af^d 

will not be described in detail below. The shaft tooth 

section and the hub tooth section may be of an involute 
shape as shown in FIG. — 

According to the third embodiment, — the point PI as a 
starting point, of the tapered region 230 of the shaft 12 and 
the point P2 as a starting point of the step region 232 of 
the hub 14 arc offset substantially horizontally from each 
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other by the distance L2. 

Therefore, — when torque io applied to the shaft/hub unit 
200 wherein the shaft tooth ocction 22 and the hub tooth 
section 28 mesh with each other, — the stresses imposed on the 
shaft/hub unit 200 are distributed to the points PI, — P-2-r 

thereby relaxing stress ooncontrat ion . As a result, — static 

mechanical strength and fatigue strength of the area where 
the shaft tooth section 22 and the hub tooth section 28 mesh 
with each other are increased. 

With the shaft 12 used as a power transmitting shaft 
and the hub 1 4 as an inner member housed in an outer member 
of a constant velocity joint, when torque is transmitted 
from the power transmitting shaft to ■ the hub 1 4 , — stresses 
concentrating on the area where the ohaft 12 and the hub 14 
engage each other arc appropriately relaxed, — allowing the 
drive power to be transmitted reliably to the outer member 
of the constant velocity joint. 

FIG . 13 2$ shows a shaft/hub unit 100 300 which 
incorporates a power transmitting mechanism according to a 
fourth second embodiment of the present invention. FIG. 14 
34 shows, in enlarged partial longitudinal cross section in 
the axial direction of the shaft 112 43, that a peak 128a 
2&& of a hub tooth section 128 22 engages in a valley 122b 
22b of a shaft tooth section 122 22. 

As shown in FIG. 3^ 34, the valley 122b 22b of the 
shaft tooth section 122 22 has a step region 130 22$ 
expending horizontally a predetermined distance toward the 
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shaft shank 124 24 and raised from a point PI, which is 
displaced a predetermined distance from the central point PO 
toward the shaft shank 124 54, toward the hub tooth section 
128 3* obliquely at a predetermined angle. 

The step region 130 -3-^0- extends horizontally a 
predetermined distance from the central point P2 and is 
joined to the shaft shank 124 24. Stated otherwise, the 
radius of the shaft tooth section 122 5-5 changes from a 
valley radius <j>Dl at the valley- 122b S^fe to a valley radius 
(j)D2 at the step region 1J30 

• The step region 130 -3^6 may have a slanted surface or 
an arcuate curved surface or a compound surface having a 
predetermined radius of curvature. 

The peak 122a, 222a 55-a of the shank tooth section 122, 
222 55- has an outside diameter which remains may remain 
constant in the axial direction, as shown in FIGS . 14 and 15 
30 through 33, — or which may progressively decrease from an 
area close to the point PI toward the shaft shank 2 k , as 

shown in FIG . — With the outside diameter of the peak 22a 

progressively decreasing toward the shaft shank 2 4 , — t-h-e 
shaft tooth section 22 con easily be manufactured by rolling 
racks, as described later on, and the function of the shaft 

tooth section 22 to transmit torque is not lowered. in FIG. ' 

3 4 , uhc reference character "H" represents a horizontal line 
to be compared with a change — (reduction) in the outside 
diameter of the peak 22a . 

The peak 128a 5fe of the hub tooth section 128 Sft has 
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its outside radius <|>D3 remaining constant in the axial 
direction of the hub UA 44, and the valley 128b (FIGS. 17- 
18) 22b of the hub tooth section 128 2-8- also has its inside 
radius <(>D4 remaining constant in the axial direction of the 
hub 114 4r4. 

The valley radii <t>Dl, (j)D2 represent a distance from the 
central axis of the shaft 112 4-2- to the bottom land of the 
valley 122b 22b of the shaft tooth section 122 22. The' peak 
radius <j>D3 represents a distance from the central axis of 
the shaft 1_12 ±2 to the top land of the peak 128a 22* of the 
hub tooth section 128 2%. 

Therefore, when torque is applied to the shaft/hub unit 
100 2m wherein the shaft tooth section 122 22 and the hub 
tooth section 128 22 mesh with each other, stresses applied 
to the shaft/hub unit 100 222 are distributed to an area Tl 
of the hub tooth section 128 2%- which faces the point ?1 in 
the shaft tooth section 122 22 and an area T2 of the hub 
tooth section 128 2-8- which faces the step region 130 220- of 
the shaft tooth section 122 22, so that the concentration of 
stresses is relaxed (see FIG . 14_ 2%). 

As a result, since the concentration of stresses is 
relaxed, but stresses are distributed, static mechanical 
strength and fatigue strength of the area where the shaft 
tooth section 122 22 and the hub tooth section 128 22 mesh 
with each other are increased. 

In FIG. lb 3-4, a right-angled triangle formed by 
interconnecting points PI, P2 ! , P3 in the valley 222b 22b of 
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the shaft tooth section 222 33 may have its cross-sectional 
area increased, and the angle 0 formed between a line 
segment P13 interconnecting the points PI, P3 and a line 
segment P12 ! interconnecting the points PI, P2 1 , i.e., the 
tilt angle 9 of the step region 230 330, , may be set to a 
small value for further relaxing stress concentration with a 
first tapered surface 232 333 of the step region 230 334. 

The relationship between the tilt angle 6 of the step 
region 230 330 (first tapered surface 2_32 333), stress 
relaxation, and productivity is shown in FIG. 1J5 33. It can 
be seen from FIG, Ijo 33 that stress relaxation and 
productivity are good (see symbol "O") if the tilt angle 6 
is set to a value. in the range from 5 degrees to 45 degrees, 
and optimum (see symbol "©") if the tilt angle 0 is set to 
a value in the range from 10 degrees to 35 degrees. 

If the tilt angle 0 is set to a value less than 5 
degrees, no sufficient stress distribution capability is 
available, and it is difficult to manufacture the shaft: 
tooth section 222 33 with rolling racks, to be described 
later. If the tilt angle 0 is set to a value in excess of 
45 degrees, excessive stresses concentrate on the step-like 
step region 230 334, and the durability of rolling racks 
used to manufacture the shaft tooth section 222 33 is 
reduced . 

An ordinary shaft/hub spline fitting arrangement which 
is free of the step region 130', 230 334 has a stress peak 
point produced in the vicinity of the shaft shank 124, 224 
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OA. According to the second fourth embodiment, however, the 
step region 130, 230 is provided in the shaft tooth 

section 122, 222 H to allow some stresses to concentrate on 
the hub tooth section 128, 228 £8- facing the point PI, thus 
distributing stresses chat tend to concentrate on the shaft 
shank 124, 224 24. If the tilt angle 9 of the step region 
130, 230 33£ in the shaft tooth section 122, 222 OA is set 
to too a large value, e.g., 90 degrees, for example,' then 
excessive stresses concentrate on the hub tooth section 128, 
228 -2-8- facing the point PI, failing to provide a stress 
distributing (stress relaxing) capability. By setting the 
tilt angle 9, i.e., the rise angle, of the step region 130, 
230 -3-3-& to an appropriate value, the concentration of 
stresses in the vicinity of the shaft shank 124, 224 5-4 is 
suitably distributed to reduce stresses at the peak point. 

As shown in FIG. — 34^ — in o hub 1 4 a engaging the shaft 
tooth section 22, a point P 4 may bo established as a rising 
point on the peak 28a of the horizontally extending hub 
tooth section 28, — and a second tapered surface 33 4 may be 
formed as extending from the point P 4 toward the shaft shank 

24 obliquely at a predetermined angle. The second tapered 

surface 334 is formed 'so as to face the point PI as a 
starting point of the step region 330 in the shaft tooth 
section 22 and the first tapered surface 332 therein, — 
has its radius increasing from a peak radius fr&§ to a peak 
radius (j)D6 in a direction away from the shaft tooth section 
2^ 



-37- 

MARKED -UP VERSION OF 
SUBSTITUTE SPECIFICATION 

The point — PI as a storting point of the otcp region 330 
(first tapered surface 332) — in the ohaft tooth section 22 
and the point P 4 as a starting point of the second tapered 
surface 33 4 in the hub tooth section 28 may bo offset from 
each other by a predetermined distance in the axial 
direction of the shaft 12, — or the points PI, — P 4 may be 

aligned with each other. With such an arrangement, — the step 

region 330 in the shaft tooth section 22 and the second 
tapered surface 33 4 — in the hub tooth section 28 'coact with 
each other in distributing the strcoocs applied to the 
second tapered surface 331 and relaxing stress 
concentration. 

Therefore, — when torque is applied to the shaft/hub unit 
300 wherein the shaft tooth section 22 and the hub tooth 
section 28 having the second tapered surface 334 mesh with 
each other, — the stresses imposed on the shaft/hub unit 300 
are distributed by the second tapered surface 33 4 to an area 
Ul of the hub tooth section 28 which faces the point PI in 
the shaft tooth section 22 and an area U2 of the hub tooth 
section 28 which faces the point P2 ' — in the shaft tooth 
section 22, — so that the concentration of stresses is relaxed 

and the peak of stresses is reduced. As a result, — the first 

taper e d surface — 3-3-2 — in the hub tooth section 28 is effective 
in increasing static mechanical strength and fatigue 
strength of the area where the shaft tooth section 22 and 
the hub tooth section 28 mesh with each other. 

As shown in FIG. — 3^r — in a hub 14b engaging the shaft 
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tooth section 22, — a point P5 may be established as a rising 
point on the peak 28a of the horizontally extending hub 
tooth section 28, — and an arcuate surface 336 having a 
predetermined radius R of curvature may be formed as 

extending from the point P5 toward the shaft shank 2 4 . 34=*-e 

arcuate surface 336 is formed so as — to face the point PI as 
a starting point of the step region 330 in the shaft tooth 
section 22 and the first tapered surface 332 therein, — and is 
retracted away from the shaft tooth section 22: 

The point PI as a starting point of the step region 330 
(first tapered surface 332) — in the shaft tooth section 22 
and the point P5 as a starting point of the arcuate surface 
336 in the hub tooth section 28 may be offset from each 
other by a predetermined distance in the axial direction of 
the shaft — tS-y — or the points PI, — P5 may be aligned with each 

other. With such an arrangement, — the step region 330 in the 

shaft tooth section 22 and the arcuate surface 336 in the 
hub tooth section 28 coact with each other in distributing 
the stresses applied to the arcuate surface 336 and relaxing 
stress concentration. 

Therefore, — when torque is applied to the shaft/hub unit 
300 wherein the shaft tooth section 22 and the hub tooth 
section 28 mesh with each other, — the stresses imposed on the 
shaft/hub unit 300 arc distributed by the arcuate surface 
336 to an area VI of the hub tooth section 28 which faces 
the point PI in the shaft tooth section 22 and an area V2 of 
the hub tooth section 28 which faces the point P2 ' — in the 
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shaft tooth section 22 , — go that the concentration of 
stresses -io relaxed and the peak of stresses io reduced, — As 
a result; — the arcuato surface 336 in the hub tooth section 
28 is effective in increasing static mechanical otrcngth and 
fariguc strength of the area where the shaft tooth section 
22 and the hub tooth section 28 mesh with each other. 

A characteristic curve A (broken-line curve) of 
stresses on a comparative shaft wherein the step region 130, 
230 3-3-0 is not formed in the shaft tooth section 122, 222 2-2- 
and a characteristic curve B (solid-line curve) of stresses 
on a shaft wherein the step region 130, 230 339- starting 
from the starting point PI is formed in the shaft tooth 
section 122, 222 £2, are identical to those shown in FIG. 7 
according to the first embodiment. It can be understood 
that a comparison between the characteristic curve A and the 
characteristic curve B indicates that according to the 
characteristic curve B which represents the structure having 
the step region 130, 230 33Q, the peak of stresses is 
reduced and the concentration of stresses is relaxed. 

A characteristic curve C of stresses on a shaft wherein 
the tilt angle 9 of the step region 130, 230 -330- is smaller 
than with the characteristic curve 3 is identical to that 
shown in FIG. 8 according to the first embodiment. It can 
be understood that the first tapered surface 232 3-32- with 
the smaller Lilt angle 0 is effective in more stress 
relaxation . 

The peak points of stresses imposed depending on 
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applied loads reside in substantially the same measuring 
position D as indicated by points a, b, c, as with the first 
embodiment (see FIG. 10). 

FIGS. 17 and 18 36 and 37 are enlarged partial 
longitudinal cross-sectional views showing the manner in 
which the peak 128a, 228a 2&e of the hub tooth section 128, 
228 2& contacts the valley 122b, 222b 22k of the shaft tooth 
section 122, 222 22 at the time the shaft 112, 212 ±2 and 
the hub 114, 214 i4 are assembled together. The operation 
and advantages of the shaft/hub unit 1QQ 334 are identical 
zo those of the shaft/hub unit 10 shown in FIGS. 11 'and 12, 
and will not be described in detail below. 

A process of manufacturing the spline teeth 120, 220 20 
of the shaft tooth section 122, 222 22 will be described 
below . 

As shown in FIG. 19 2&, a rod-shaped workpiece 42 which 
has been machined into a predetermined shape by a tool in a 
previous machining process is inserted between upper and 
lower rolling racks 40a, 40b each made of a hard material 
and having a substantially rectangular shape. While the 
rolling racks 40a, 40b are being pressed against the 
workpiece 42, the rolling racks 40a, 40b are displaced in 
opposite directions indicated by the arrows by an actuator 
(not shown) to form splines on the outer circumferential 
surface of the workpiece 42. 

The spline teeth 120, 22-0 24 of the shaft tooth section 
122, 222 22 can thus easily be formed by the above rolling 
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process. Tool grooves (tool marks) having a depth of about 
50 pm are formed in the top lands of the spline teeth 120, 
220 2£ of the shaft tooth section 122, 222 22 by the tool in 
the previous machining process. 

The rolling process can form the spline teeth 126, 226 
2-6 in shorter cycles and allows the rolling racks 40a, 40b 
to have a longer service life than a pressing process 
(forging process)'. According to the rolling process, the 
forming teeth of the rolling racks 40a, 40b can be polished 
again for reuse. The rolling process is more advantageous 
as to cost from the standpoints of service life, forming 
cycle, and rack reusability than the pressing process 
(forging process) . 

However, since the spline teeth are formed by a 
material flow toward the top lands thereof in the rolling 
process, the top lands of the spline teeth formed by the 
rolling process may not necessarily be uniform in shape.. 

While this invention has been described in' conjunction 
with the exemplary aspects outlined above, various 
alternatives, modifications, variations, improvements, 
and/or substantial equivalents, whether known or that are or 
may be presently unforeseen, may become apparent to those 
having at least ordinary skill in the art. Accordingly, the 
exemplary aspects of the invention, as set forth above, are 
intended to be illustrative, not limiting . Various changes 
m ay be made without departing from the spirit and scope of 
the invention. Therefore, the invention is intended to 



Tr:ru/AQ/in7i i 



-42- 

MARKED-UP VERSION OF 
SUBSTITUTE SPECIFICATION 

embrace all known or later -developed al ternat ives , 
modifications, variat i ons, improvements, and/or substantial 
equivalents . 
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